ABSTRACT-The effect of capsaicin-sensitive nerve degeneration (capsaicin-treat ment) was investigated on the antral ulcer induction by the combined administration of 2-deoxy-D-glucose (2-DG; 200 mg/kg, i.v.), aspirin (200 mg/kg, p.o.) and 1% ammonia solution (10 ml/kg, p.o.) in male Sprague-Dawley rats. On the 2nd day after ulcer induction, erosive lesions were seen in the corpus, and ulcers penetrating into the muscularis mucosae were also seen in the antrum. In the capsaicin-treated rats, the antral ulcer was significantly aggravated as compared with that in capsaicin non treated rats, although no difference was noted in the formation of corpus lesions be tween capsaicin-treated rats and non-treated rats. Acid output was investigated in pylorus ligated rats. 2-DG significantly increased the acid output. A significant in crease in acid output was also observed in capsaicin-treated rats, and this increase tended to be augmented by the additional treatment with 2-DG. Atropine sulfate inhib ited the significant increase in acid output of the capsaicin-treated rats. In all rats, both capsaicin-treated and pylorus-ligated, 2-DG induced antral ulcers that penetrated into the muscularis mucosae. From the above results, it was suggested that capsaicin sensitive nerve degeneration modifies the gastroprotective ability in the antral mucosa to a greater extent than in the fundic mucosa, and this aggravation may be caused by activation of the vagus nerve, although the role of acid is not completely excluded.
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It has been recently reported that the cap saicin sensitive afferent nerves play an impor tant role in the protection of gastric mucosa (1 4). Capsaicin-sensitive nerve degeneration by capsaicin pretreatment was reported to aggravate the gastric lesions (5) . The present authors also reported previously that acute administration of capsaicin inhibited the lesion formation by absolute ethanol, but the pro tective effect of capsaicin was not seen in capsaicin-sensitive nerve degenerated rats (6) .
In various kinds of experimental ulcer models, gastric lesions or ulcers were mostly located in the corpus area in the stomach. Therefore, there are many reports on the aggravation of gastric corpus lesions by the capsaicin-sensitive nerve degeneration (capsaicin-treatment) (5, 7), while there are few reports on antral lesions (5). We have so far reported that antral ulcers and corpus ero sive lesions are induced by the combined administration of 2-deoxy-D-glucose (2-DG; 200 mg/kg, i.v.), aspirin (200 mg/kg, p.o.) and 1% ammonia solution (10 ml/kg, p.o.) (8, 9) . Murakami et al. (10) reported ammonia toxicity in ammonia-induced gastric lesions and ulcers. Recently, ammonia production by Helicobacter pylori has attracted the interest of many researchers in the field of gastroen terology. These results suggested the possible involvement of a urea-urease-ammonia mecha nism in relation to the etiological role of Helicobacter pylori (11) .
In the present study, we examined the effects of capsaicin-sensitive nerve degenera tion on the antral ulcer induction to clarify the sensitivity of the antral mucosa to ulcerogenic agents. In addition, basal and 2-DG-stimu lated gastric acid secretion was investigated in pylorus-ligated rats.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats weighing 220 250 g were used. The animals were deprived of food but allowed free access to tap water for 48 hr before the experiment.
Gastric ulceration
Gastric ulceration was induced according to our method reported previously (8, 9) . A solution of 2-DG (Nacalai Tesque) dissolved in saline was administered intravenously at a dose of 200 mg/kg (0.1 ml/100 g). After 30 min, aspirin (Sigma) suspended in 1% gum arabic solution was orally administered; and 1 hr later, 1% ammonia solution (Wako Pure Chemical) was administered orally in a volume of 1.0 ml/100 g. Gastric ulceration was com pared between capsaicin-treated rats and non treated ones.
Observation of gastric ulcer
Two days after the ulcer induction, rats were killed with an overdose of ether. The stomach was excised, and the pylorus and the cardia were ligated. Saline (8 ml) was instilled into the stomach, and the outside of the stom ach was fixed with 5% formalin. Ten minutes after the formalin fixation, the stomach was rinsed with saline and cut along the greater curvature and then the gastric lesions were grossly observed. Gastric erosive lesions in the fundus were expressed as the sum of the length of lesions (corpus lesion index, mm) and antral ulcer, as the product of the meas ured length and width (antral ulcer index, mm2).
Gastric acid secretion
Under light ether anesthesia, epigastric laparotomy was performed. After exposing the stomach, the pylorus was ligated, and the abdominal incision was sutured. Then, a solu tion of 2-DG dissolved in saline (200 mg/kg) or vehicle was administered intravenously in a volume of 0.1 ml/100 g. Gastric juice was col lected for 4 hr after the 2-DG or vehicle treat ment. The gastric juice was centrifuged at 3000 rpm for 15 min, and the volume, pH and total acidity were measured. Values of pH were measured with a pH meter, and the total acidity was determined by titrating the gastric juice with 0.05 N NaOH to the end point of pH 7.0 using an automatic titrator (Toa Electronics Co., AUT-1, ABT-1 and TIT-1, Japan). Gastric acid secretion was investigated in capsaicin-treated rats and non-treated rats. The effect of atropine sulfate (1 mg/kg) (Tanabe), subcutaneously injected 30 min before ligation, was also investigated in capsaicin-treated rats. In this study, gastric le sions were observed according to the method mentioned above.
Degeneration of the capsaicin-sensitive afferent nerves
To degenerate the capsaicin-sensitive af ferent nerves, capsaicin pretreatment was per formed by the method by Yonei et al. (12) . Capsaicin was dissolved in vehicle consisting of 10% ethanol, 10% Tween 80 and 80% saline (vol./vol./vol.). Rats received a total dose of 125 mg/kg capsaicin, s.c. over 2 days, with 25 mg/kg in the morning and 50 mg/kg in the afternoon on the first day and 50 mg/kg once on the second day. The rats were used 10 days after the pretreatment with capsaicin. In order to check the effectiveness of the denervation treatment, a drop of a 0.01% solution of capsaicin in saline was instilled into either eye of the rats, and their protective wiping movements were counted. The capsaicin treated animals that showed any wiping move ment were excluded from the study.
Histological examination
Immediately after the observation of gastric lesions, the stomach specimens were fixed in the formalin solution. Tissue sections were prepared and stained with hematoxylin and eosin (HE) and examined under a microscope.
Statistics
Data were expressed as mean ± S.E. Statis tical analyses of the data were performed by means of Dunnett's multiple comparison test and Student's t-test. 
RESULTS
Gastric ulceration
By the combined administration of 2-DG, aspirin and ammonia solution, gastric lesions were induced in the corpus and antrum (Fig. 1) ; and the antral lesion apparently penetrated into the muscularis mucosae (Fig. 2) . The cor pus lesion index and the antral ulcer index are shown in Table 1 .
In the vehicle treated rats, the corpus lesion index and antral ulcer index were 65.6 ± 7.9 (mm) and 14.3 ± 4.5 (mm2), respectively, and the antral ulcer incidence was 100% (Table 1) . By the degeneration of the capsaicin-sensitive nerves, significant aggravation was observed on the antral ulcer index, but the corpus lesion index was not different between capsaicin-treated rats and non-treated rats (Table 1) .
Gastric acid secretion
In the vehicle treated rats, the volume, pH and acid output were 3.9 ± 0.5 (ml/4 hr), 1.65 ± 0.06 and 258.3 ± 37.9 (,uEq/4 hr), respec tively (Table 2) . By the administration of 2 DG, a significant increase in acid output was observed along with a significant decrease in pH value (Table 2 ). In capsaicin-treated rats, significant differences were observed in the acid output and pH value, and no significant difference was observed between 2-DG treated rats and non-treated rats, although an increase in acid output was observed by the 2 DG treatment ( Table 2 ). The increase in acid output and the decrease in pH value in capsaicin-treated rats were attenuated by the pretreatment with atropine sulfate (Table 2) . In vehicle-treated rats, no antral lesions were observed. By the treatment with 2-DG, antral lesions were induced with a 37.5% inci dence, and the antral ulcer index was 4.9 ± 2.6 (mm2) ( Table 3 ). In capsaicin-treated rats, antral lesions were slightly induced (incidence and index: 12.5% and 0.6 ± 0.6 mm2), and 2 DG significantly aggravated the antral ulcers (incidence and index: 100% and 29.7 ± 6.0 mm2) (P < 0.01), which penetrated into the muscularis mucosae (Figs. 3 and 4) . By the pretreatment with atropine sulfate, antral le sions were completely inhibited (incidence and index: 0% and 0 ± 0 mm2) ( Table 3 ). In the corpus area, gastric lesions were scarcely observed. 
DISCUSSION
Capsaicin has been widely used as a phar macological tool to assess the involvement of sensory neurons in organ functions (13, 14) . There are reports about the aggravation of gastric lesions (5, 7) by the degeneration of the primary afferent neurons, and gastric le sions were almost always induced in the fundic area. Esplugues and Whittle also reported a significant aggravation of 50% ethanol-induced gastric lesions in the capsaicin-treated rats (5) , while the present authors reported that no significant difference between capsaicin treated rats and non-treated rats was observed in the induction of gastric lesions by absolute ethanol (6) . This finding was in accord with the report by Takeuchi et al. (15) that capsaicin-treatment did not significantly affect the formation of HCl-ethanol-induced gastric lesions, although the experimental models used in the study were different from the ones in that study. Moreover, in the present study, no significant difference was observed in the fundic erosive lesions, and this result agreed with the above reports. In the ethanol-induced gastric lesion model, gastric lesions were induced prominently in the corpus and scarcely in the antrum. How ever, in capsaicin-sensitive nerve degenerated rats or in morphine pretreated rats, hyperemia or erosive lesions were often observed in the antral region. Esplugues and Whittle (5) also reported that morphine and capsaicin treatment increased the antral damage induced by 25-100% ethanol. Therefore, it was postulated that the capsaicin-sensitive nerves play an important gastroprotective role in the antral mucosa as well as in the fundic mucosa. In the present antral ulcer model, significant ulcer-aggravation was observed be tween capsaicin-treated rats and non-treated rats. This finding was supported by the report by Esplugues and Whittle (5), although we used different experimental conditions than they did. From the above findings, it was sug gested that the capsaicin-sensitive afferent nerves play a more important role in the antral mucosa than in the fundic mucosa. Morphine has been known to inhibit the re lease of substance P (16), and capsaicin has been known to deplete the substance P or cal citonine gene-related peptide (17) . Recently, Ainsworth et al. (18) reported that morphine inhibits secretion of bicarbonate from the hu man duodenal mucosa. Therefore, capsaicin treatment may inhibit the bicarbonate secre tion from the antral mucosa, which was known to secrete bicarbonate and mucus, though the inhibition of bicarbonate and mucus secretion by the capsaicin-treatment was not reported in the gastric mucosa. On the other hand, mor phine was reported to stimulate the bicarbon ate secretion in the duodenum of rats (19) . Therefore, the effect of capsaicin treatment on the bicarbonate secretion in the gastric mucosa must be evaluated.
Immunohistochemical study has shown that capsaicin-sensitive afferent neurons innervat ing the rat stomach contain substance P (20) and calcitonin gene-related peptide (21) . Therefore, studying the effect of capsaicin sensitive nerve degeneration on the fundic mucosal level and the antral mucosal level of substance P or calcitonin gene-related peptide may provide a means for clarifying the differ ent susceptibility to capsaicin-sensitive nerve degeneration in the fundic mucosa and the antral mucosa.
On the gastric acid secretion in capsaicin sensitive degenerated rats, Raybould and Tache (22) reported that capsaicin-sensitive vagal afferent fibers mediate the vagal portion of the secretory response to gastric distention. This finding suggests that the afferent signal through the vagus plays an important role in controlling the acid secretion. In this study, a significant increase in acid secretion was observed in capsaicin-treated rats. Therefore, the inhibition of the afferent signal through the vagus might increase the acid output. The increase in gastric acid secretion was inhibited by the treatment with atropine sulfate in capsaicin-treated rats. These facts suggest that the vagal efferent pathway may be involved in the activation of gastric acid secretion in capsaicin-treated rats, although direct evidence is lacking at present.
2-DG has been reported to increase the gas tric secretion by activating the chemoreceptor in the lateral hypothalamic area which initiates and sustains a vagally mediated acid response. Evangelista et al. (23) reported that capsaicin sensitive fibers are involved in the afferent branches of the reflex response activated by 2 DG to stimulate gastric acid secretion. This shows that the capsaicin-treatment depresses the increase in gastric acid secretion by 2-DG. On the contrary, in this study, 2-DG increased acid output rather than decreasing it, although the increase was not significant. In addition, Raybould and Tache (22) reported that on the basal acid output, no significant difference was observed between capsaicin-treated rats and non-treated rats. The reason for these dis crepancies remains unknown, but it might be due to the different experimental conditions; we used the pylorus ligated method in the conscious state, and they used the Ghosh and Schild method in the urethane anesthetized state.
In the present study, the antral ulcer was severely induced with a 100% incidence in the 2-DG and capsaicin-treated rats, but only in the capsaicin-treated rats, antral lesions were scarcely observed, although the acid output was not significantly different between them. These facts may show that gastric acid is not a major factor for inducing antral ulcer in pylorus ligated rats, although the role of acid is not completely excluded. Therefore, it seemed that the vagal activation by 2-DG itself played an important role in the antral ulcer induction. Maeda-Hagiwara and Watanabe (24) reported that 2-DG or insulin produced antral ulcers but peripheral gastric secretagogues, bethanechol or histamine, did not produce antral ulcers at doses sufficient to stimulate gastric secretion in the indomethacin-treated rats. This finding sup ports the above speculation. However, further experiments will be needed to clarify the phe nomena following the activation of the vagus.
In conclusion, in capsaicin-sensitive nerve degenerated rats, significant aggravation was observed in the antral ulcer induction but not in the formation of corpus lesions by the com bined administration of 2-DG, aspirin and ammonia, and this may be caused by the activation of the vagus, although the role of acid was not completely excluded.
